The paper focused on the study on semirigid joint of steel-concrete composite beam to CFST column with stiffening ring. Two specimens were tested by incremental loading and cyclic loading. The finite element package ABAQUS was used to study the nonlinear behavior of such specimens. Shell elements were used to simulate the behavior of steel girder and steel tube. Continuum elements were used to simulate the behavior of concrete slab. 
INTRODUCTION
In the recent years, CFST (concrete-filled steel tubular) structures have been popularly applied in civil engineering. Because of the special formation of CFST column, the study on beam to column joint in high and high-rise building construction has been carried out all over the world.
The subject is a sub-item of the project, which is the study on restraining stiffness of joints of CFST frame. The previous researchers have done a lot of study on the project. Joint of steel beam to CFST column with stiffening ring, continuous web plate joint of steel beam to CFST column, and joint of steel beam to CFST column in frame structure have been researched. Some conclusions have been attained.
The first research was the stiffness of joint of steel beam to CFST column with stiffening ring. Chen et al. [1] used the finite element package ANSYS, created and analyzed the solid model of the joints, manufactured seven joints with stiffening ring to process joint test, and then verified the applicability of the finite element models with the experimental results. Base on the models, changed its dimension to confirm each factor influence on joint stiffness and created the joint's Wang et al. [2] made four continuous web plate joints of steel beam to CFST column. The joints were tested by using static test method. Experimental results showed the semirigid characteristic and transmutation state of connection areas of continuous web plate joint. Also the moment-rotation curve was gained.
Two CFST frames were tested by Chen and Wang [3] . The result was compared with the finite element analysis. The flexibility of connections and the rigid zones were considered in the member-bar model of the CFST frame.
The paper put forward a joint, which is steel-concrete composite beam to CFST column with stiffening ring. The specimens were tested by monotonic loading and cyclic loading. The finite element package ABAQUS [5] has been used to simulate the behavior of such specimens. The finite element model has been validated by comparing the computed values with available experimental results. The analysis of joint of steel-concrete composite beam to CFST column is useful to designer for predicting the behavior of composite joint.
FINITE ELEMENT ANALYSIS

Finite Element Model
A three-dimensional finite element model with the following characteristics had been used in the study:
(1) Concrete slab and the core concrete of CFST -modeled with continuum element C3D8R (8-node linear brick, reduced integration with hourglass control).
(2) Steel beam and steel tube -modeled with shell element S8R5 (8-node doubly curved thin shell, reduced integration, five degrees of freedom per node).
(3) Steel reinforcement -modeled with truss element T3D2 (2-node linear displacement) embedded in the concrete slab.
Full composite action between steel beam and concrete slab was assumed. This is based on the assumption that there is no slip at both ends between the concrete slab and steel girder. The shear connectors were omitted in the finite element analysis, tie constraints in ABAQUS [4] were used to attach concrete slab to steel flange. Surface-to-surface contact (ABAQUS/Standard) was used to simulate the contact between steel tube and concrete filled in the tube. A typical three-dimensional model used in the study is shown in Figure 1 . 
Material Modeling
Steel was assumed to behave as an elastic-plastic material with strain hardening in both tension and compression. Strain hardening had been modeled based on incremental plasticity theory. The idealized stress-strain curve used in the numerical analysis is shown in Figure 2 . Material properties of steel are specified using the elastic-plastic with strain hardening options. For this purpose, ABAQUS [4] requires the input of the Young's modulus, E s ; Poisson's ratio, γ s ; yield stress, f sy ; and the ultimate stress, f su , shown in Table 1 . There are three concrete material models in ABAQUS [4] : concrete smeared cracking, cracking model for concrete, and concrete damaged plasticity. Among these models, the concrete damaged plasticity model is designed for applications with concrete subjected to monotonic and cyclic loadings and has good convergence characteristics. The concrete damaged plasticity was used to simulate concrete slab. The extended Drucker-Prager model was used to simulate the core concrete of CFST.
For concrete, the elastic properties are defined by the elastic option and its compressive stress-strain relationship outside the elastic range is specified using the concrete option. The values of Young's modulus, E c ; Poisson's ratio, γ c ; and the values of f c for several values of ε c and the corresponding values given by (ε-f c /E c ) are required as input. The material properties of concrete are specified in Table 2 . 
Analysis of FEM Results
While solving equation, implicit solution (ABAQUS/Standard) was adopted. The initial and final load increments as well as the allowable minimum and maximum load increments are required in input file. The program iterates to reach the equilibrium condition for the initial load increment and all the subsequent increments automatically.
The ABAQUS analysis results include all stress and strain components, equivalent stress and total deformation. Through particular analysis, the details under loading were understood, and the information contributed to comprehend the mechanics behavior of joints. Analysis result of finite element offers guidance for design and measure of joint test.
THE EXPERIMENT OF JOINT
Design of Experiment
Two one-third scale joint specimens were manufactured according to Zhong [5] . The section of steel tube was Φ159×5, and the section of steel beam was HN200×100×5.5×8. The thickness of concrete slab was 120mm, and the width of concrete slab was 700mm. Longitudinal reinforcements were Φ12-120. Lateral reinforcements were Φ6-70. Shear connectors were Φ16×90, yield strength, 390MPa; ultimate strength, 440MPa. The cross-section of the composite beam is shown in Figure 3 . The two specimens were tested by incremental loading and cyclic loading. Loading system is shown in Table 3 , Figure 4 , and Figure 5 .
HN200x100x5.5x8
Concrete slab 朴 12-120 Shear stud 朴 6-70 
Analysis of Experiment Results
In area of negative moment of the joint, there was no obvious stress concentration in the top flange of steel beam. Elastic neutral axis and plastic neutral axis were close to top flange. The joint was damaged owing to the lower flange buckling firstly. The concrete slab was tensioned and cracked in the region about 300mm from the joint.
Load-strain curves of the steel beam section are shown in Figure 8 . From zero point to 200mm (the height of steel beam) of the y-axis, strains of gauge 44#, 3#, 2#, 1#, 33# (see Figure 6 ) are specified. From the figures we can see that plane cross-section is acceptable in design of the joint. Figure 9 is load-strain of longitudinal rebar 20#, 19#, 7#, 8# and 9# (see Figure 7) . At the same load value, the strain values of rebar 20#, 19#, 7#, 8# are increasing, while 9# is smaller. It may be due to that rebar end was weld end plate. The cyclic load-deflection curves of specimen HN200B are shown in Figure 10 . Precise values of the specimen HN200B were not attained from experiments. However, all curves are approximately linear. 
COMPARISONS OF EXPERIMENT AND FEM RESULTS
Strain at each direction, stress at each direction, ultimate load and total deformation were obtained from the finite element analysis. These results have been compared with the corresponding experimental results. The comparison of strains of steel beam section (see Figure 6 ) is presented in Figure 11 and the comparison of strains of rebar 7# (see Figure 7) in Figure 12 . The values of finite element analysis are similar to those of experimental results. The load-deflection curves are shown in Figure 13 . Close agreement between the finite element and experimental results can be observed. However, there seems to be some deviation between the results. The discrepancy may be due to the inadequacy in concrete modeling. The concrete is not a homogeneous material and the concrete material model used in the analysis significantly simplifies the actual behavior. Constitutive calculations are performed independently at each integration point in the finite element model. However, when a crack developed in the concrete during the experiment, the moment of inertia of the whole section decreased and the ratio of the deformation to loading increased considerably. 
RIGIDITY OF COMPOSITE JOINT
The connection of beam to column transfers a set of generalized force components including axial force, shear, moment, and torsion. The influence of torsion can be neglected in plane problem. For most connections, axial deformation and shearing deformation are relatively very small and cal also be neglected. Therefore, only rotational deformation is considered generally. The relative rotation may be defined as shown in Figure 14 . 
